CR programs and offers a model of service delivery that could be replicated on a larger scale.
C ardiovascular disease is the leading cause of noncommunicable disease death globally. 1 More than 80% of these deaths occur in low-income and lower-middle income countries (LMICs), including Bangladesh. [2] [3] [4] Like many LMICs, Bangladesh is passing through an epidemiological transition from communicable to noncommunicable diseases. 5 The rates of communicable diseases have decreased, while mortality due to cardiovascular disease including coronary artery disease has increased 30-fold. 5 LMICs including Bangladesh have made impressive gains in public and private health care services, offering sophisticated technology-based diagnostic and therapeutic procedures for coronary artery diseases including percutaneous coronary interventions and coronary artery bypass graft (CABG) surgery. 6 However, the provision of evidence-based preventive strategies including cardiac rehabilitation (CR) is lagging alarmingly behind. 7 CR is a comprehensive approach to rehabilitation and secondary prevention involving activities that improve the physical, mental, and social well-being of patients as well as targeted secondary preventive strategies to reduce the risk of future cardiovascular events. 8 Exercise-based CR and secondary prevention have been shown in multiple studies to reduce cardiovascular mortality and morbidity, improve health-related quality of life (HRQOL) and exercise capacity, and reduce cardiovascular disease risk in high-income countries. 9, 10 Despite the clear benefits of CR, there is low availability of CR in LMICs, with only 23% of LMICs having CR programs compared with 68% in high-income countries. 11 There also remains limited evidence for the effectiveness of CR in the LMIC settings. Following a literature search in 2013, Turk-Adawi and Grace 1 found only 2 randomized controlled trials of CR conducted in LMICs. The majority of the studies described in the review were in upper-to middle-income countries, with only 2 studies placed in the same, lower-to middle-income bracket as Bangladesh, as defined by the World Bank as economies with a gross national income per capita between 1026-4035 USD. 12 One study in India used inpatient CR, followed by home-based CR, compared with usual care (UC). 13 They found significant improvements in 6-min walk distance and HRQOL following the intervention compared with the control group. 13 Another study in China found improvements in walking ability and reduction in coronary heart disease (CHD) risk factors following a Purpose: Cardiovascular disease is the leading cause of mortality and morbidity in lower-middle income countries (LMICs), including Bangladesh. Cardiac rehabilitation (CR) as part of secondary prevention of cardiovascular disease has been shown to reduce mortality and morbidity and improve quality of life and exercise capacity. However, to date, very few controlled trials of CR have been conducted in LMICs. Methods: A quasi-randomized controlled trial comparing home-based CR plus usual care with usual care alone was undertaken with patients following coronary artery bypass graft surgery. Participants in the CR group received an in-hospital CR class and were introduced to a locally developed educational booklet with details of a home-based exercise program and then received monthly telephone calls for 12 mo. Primary outcomes were coronary heart disease (CHD) risk factors, health-related quality of life (HRQOL), and mental well-being. Maximal oxygen uptake as a measure of exercise capacity was a secondary outcome. Results: In total, 142 of 148 eligible participants took part in the trial (96%); 71 in each group. At 12-mo follow-up, 61 patients (86%) in the CR group and 40 (56%) in the usual care group provided complete outcome data. Greater reductions in CHD risk factors and improvements in HRQOL, mental well-being, and exercise capacity were seen for the CR group compared with the usual care group. Conclusions: In the context of a single-center LMIC setting, this study demonstrated the feasibility of home-based 6-mo nurse-led CR program. 14 CR studies in upper-middle income countries have shown significant reductions in triglycerides, total cholesterol, low-density lipoproteins, body mass index, and systolic and diastolic blood pressures, as well as significant improvements in high-density lipoproteins, exercise capacity, and HRQOL. [15] [16] [17] However, it cannot be assumed that results in high-middle income countries will be directly transferable to a Bangladeshi population due to the potential differences in culture, health, transport, environment, and communication infrastructure. Patients in Bangladesh may be required to travel for several days by scarce public transport and may need to stay overnight to attend hospital appointments. They may also have caring responsibilities at home or require time off from work to attend CR. The indirect costs (loss of earnings and transport) of health care have been shown to be much higher than the direct costs for people in Bangladesh, and these costs are even higher for those from rural areas. 18 Facilities to undertake CR within the hospital or local community are also limited. A report in 2012 identified only 1 CR program in Bangladesh, based in a private hospital. 7 A small number of studies investigating home-based CR suggest that it may be equally effective as center-based CR in terms of clinical outcomes and HRQOL. 19 Home-based CR has also been suggested as overcoming some of the barriers to participation caused by limitations in transport, time, or cost of attendance. [19] [20] [21] This quasi-randomized controlled trial design was undertaken to evaluate feasibility and impact of home-based CR on patients following CABG surgery in Bangladesh. The study had 2 objectives: First, to evaluate the feasibility of a home-based CR program in addition to UC in post-CABG surgery patients in Bangladesh, and, second, to test the hypothesis that the addition of a CR intervention would lead to greater reductions in CHD risk factors and improvements in HRQOL, mental well-being (primary outcomes), and exercise capacity (secondary outcome) compared with UC alone.
METHODS
The trial was not preregistered in a formal trial registry or published, in part, due to the level of research expertise of the research team and the lack of infrastructure in registering clinical trials in 2012 in Bangladesh. However, a protocol was developed, based on existing literature, and submitted to the institutional review board of Ibrahim Cardiac Hospital and Research Institute (ICH-RI) (hospital ethics committee), from which ethical approval was obtained (IEC 032/ICHRI/2012). All trial participants received written information describing the study and implications in detail, and a signed consent form was obtained. The trial is reported here according to the Consolidated Standards of Reporting Trials-extension for randomized trials using nonpharmacological treatment. 22 A quasi-random method was used to allocate patients to either a home-based CR program in addition to UC or UC alone. Allocation was done according to the week of surgery for patients, with every other week allocating patients to either the CR group or the UC group. Allocation was done by the research team and was not influenced by the preferences of the research team, patients, or relatives.
The study was based at ICH-RI in Dhaka, where all patients pay for their treatment, including the study participants. There are 22 cardiac institutions in Bangladesh, with 18 of these based in Dhaka. Very few institutions outside Dhaka offer CABG surgery; hence, patients may travel long distances by public transport and require overnight accommodation to attend hospital appointments. Dhaka is one of the most densely populated cities in the world. Hence, travel to the hospital, even within Dhaka, may take several hours. Thus, a home-based CR program was considered more feasible than a center-based program.
All patients who were admitted from July 2012 to July 2013 were screened for inclusion in the study (Figure) . Patients were included if they were admitted for elective CABG surgery, were aged 25-65 yr, and understood Bangla. Patients were excluded if they were admitted for emergency CABG surgery or revision CABG surgery, or if they had any neurological problems or severe comorbidities, or they were not planning to stay in Bangladesh for ≥1 yr after CABG surgery. Eligible participants were approached by a member of the research group following their surgery.
Patients allocated to the CR group participated in a 45min CR class in the hospital and were provided with an educational booklet in Bangla. The materials were based on the Monash Heart Cardiac Education Booklet 23 and developed by the research team (cardiologists, cardiac surgeons, physiotherapists, and a specialist nurse) to fit the specific needs of patients in Bangladesh. The booklet described the home exercise training program including upper-and lower-limb exercises, breathing exercises, chest movements, and aerobic exercise (walking program). The educational booklet provided information about safe levels of activity, details of personal risk factors, useful telephone numbers, when to seek medical advice, and how to manage recurrent breathlessness or chest pain. The CR program was delivered in the physiotherapy department in groups of 6 to 10 patients, 7 to 8 d after surgery. The medical team confirmed that patients were medically fit for CR before attending.
Patients allocated to the CR group received a monthly telephone call for 12 mo. Calls were made by qualified physiotherapists trained by the research team regarding the CR advice booklet and exercise program. The physiotherapists answered any patient questions and reminded them to follow the CR advice booklet and exercise program and to attend their next hospital appointment. The phone calls did not follow a script, nor did the physiotherapists individually tailor the progression of the CR plan. In addition to the intervention, the CR group received UC. UC consisted of conventional hospital discharge care including drug treatment and routine follow-up hospital visits. The physician who discharged and saw the patient for follow-up visits was responsible for initiating or adjusting medication. Follow-up hospital visits occurred at 7 d, 6 wk, 3 mo, 6 mo, and 12 mo following the surgery. The Supplemental Digital Content Appendix (available at: http://links.lww.com/ JCRP/A144) provides further details of the in-hospital CR class, UC, and home-based CR program.
Prior to discharge and before allocation to either the CR group or the UC group, baseline data were collected on each patient ( Table 1 ). Because of the short time available when patients returned for follow-up hospital appointments, it was decided to collect selected outcomes at each follow-up appointment ( Table 2 ). CHD risk factors were collected routinely at the 6-mo follow-up appointment; this required patients to fast 12 to 24 hr before the blood test and then eat breakfast. They then completed the exercise test, but no further outcomes were possible at this appointment due to time constraints.
The World Health Organization Quality of Life instrument, the abbreviated version (WHOQOL-BREF), required up to 1 hr to complete; hence, it was decided to collect this outcome at the last follow-up appointment-at 12 mo. The questionnaire consists of 26 items: the first 2 questions ask patients about their overall perception of HRQOL, and the remaining 24 questions address 4 domains: physical health, psychological health, social relationships, and environmental health. Higher scores represent a higher level of HRQOL. The Bangla version of this measure has been found to be a valid and reliable measure of HRQOL in an adult population in Bangladesh. 24 Mental well-being was assessed using the 9-item Patient Health Questionnaire (PHQ-9), 25 with higher scores indicating greater levels of depression, and was completed at the 3-mo follow-up appointment.
Exercise capacity was assessed using a single-stage treadmill walking test protocol. 26 Maximum oxygen uptake (V · o 2 ) was estimated using the following equation: V · o 2peak = 15.1 + (21.8 × Treadmill speed) -(0.327 × Heart rate) -(0.263 × Treadmill speed × Age) + (0.00504 × Heart rate × Age) + (5.98 × Gender). At the time the study was undertaken, it was not possible for patients to undergo exercise testing as inpatients; hence, no baseline exercise capacity data were collected.
STATISTICAL ANALYSIS
Data analyses were performed on an intention-to-treat basis (ie, comparison of outcomes between the UC and CR groups defined according to the initial quasi-random allocation in those patients with complete follow-up data). No imputation of missing follow-up outcome data was performed. Outcomes were compared using an independent 2-sample t-test. When baseline data were collected, we compared groups using the outcome difference between baseline and follow-up. For exercise capacity, groups were compared using outcome values at follow-up. Outcomes were summarized as number (percentage) or mean ± standard deviation (SD), and the differences from within-group comparisons were reported as mean (95% CI). We also compared between-group differences reported as mean difference (95% CI). All tests were 2-sided, and the level of statistical significance was set at a P value of ≤.05.
RESULTS
A total of 210 patients were screened for participation in the trial. Of these, 62 were excluded, leaving 148 patients eligible. Six patients declined to give consent, resulting in a total of 142 participants (96% of eligible patients) of which 71 were allocated to the CR group and 71 were allocated to the UC group (Figure) . The 2 groups were similar in terms of their demographic characteristics and baseline CHD risk factors. The mean age of participants was 54 yr and 93% were male. This CABG population had a normal left ventricular ejection fraction (mean ± SD = 52% ± 9.4%), and 42% had a history of diabetes mellitus. Mean blood pressure was 124/78 mm Hg, and 54% were smokers at trial enrollment.
At the 12-mo follow-up, 61 (86%) and 40 participants (56%) in the CR and UC groups, respectively, had complete outcome data. The demographic characteristics (age, sex, and level of education) and risk factor levels (eg, family history of CHD, smoking history, diabetes history, serum cholesterol levels, and left ventricular ejection fraction) of patients lost to follow-up were similar to patients with complete data at 12 mo.
CHD RISK FACTORS
In the CR group, mean CHD risk factors at 6 mo were all significantly reduced compared with baseline (Table 3 ). In the UC group, only blood pressure and glycated hemoglobin (HbA 1c ) significantly reduced in the UC group compared with baseline, while mean body mass index and lipid profile remained unchanged. Between-group differences showed significant improvements of mean difference in body mass index (−0.61 kg/m 2 [95% CI, −1.07 to −0.16], P = .008) and lipid profile: total cholesterol (−52.98 mg/dL [95% CI, −80.41 to 25.55], P = .001); low-density lipoproteins (−40.21 mg/dL [95% CI, −60.26 to 20.15], P = .001); triglycerides (−53.02 mg/dL [95% CI, −86.24 to −19.80], P = .002); and high-density lipoproteins (3.54 mg/dL [95% CI, 0.81-6.26], P = .01) in favor of the CR group. Changes in blood pressure and HbA 1c were not shown to be significantly different in the CR group compared with the UC group: systolic blood pressure (1.35 mm Hg [95% CI, −4.21 to 6.90], P = .63); diastolic blood pressure Table 4 Baseline (Table 3) .
HRQOL
There were significant improvements in the overall perception of HRQOL and overall perception of health in both the CR and UC groups at 12 mo (Table 4 ). Domain-specific scores in the CR group also significantly improved. All domain-specific scores in the UC group showed no significant change except for social relationship, which was significantly worse at 12 mo. Between-group differences showed improvements in the overall perception of HRQOL and overall perception of health, and all domain scores were significantly higher for the CR group compared with the UC group (Table 4) .
MENTAL WELL-BEING PHQ-9 scores from baseline to 3-mo follow-up improved significantly for both groups but with significantly greater improvement found in the CR group compared with the UC group (−3.53 [95% CI, −4.40 to −2.73], P ≤ .001) ( Table 4 ). (Table 4 ).
EXERCISE CAPACITY

DISCUSSION
The aim of this controlled trial was to evaluate the feasibility and impact on patients following CABG surgery of a home-based CR program in the LMIC of Bangladesh. The study indicated that CR is feasible within the constraints of an LMIC (ie, it was possible to provide education to patients following CABG surgery and follow-up with them at home over the telephone). The study also demonstrated potentially significant benefits to patients of CR compared with UC alone in terms of CHD risk factors, HRQOL, mental well-being, and exercise capacity.
There are several key limitations that need to be considered. Because of practical restrictions, it was not possible to randomize the allocation of patients to the CR and UC groups, but, instead, patients were allocated using a quasi-random approach according to the week of their CABG surgery. However, the allocation process was not influenced by the preference of patients, researchers, or clinicians and we believe the risk of selection bias and confounding was low. This is supported by the similarities in the baseline characteristics of the 2 groups ( Table 1 ). Because of the nature of the CR, we were not able to blind patients or clinicians to group allocation, which may have introduced bias in terms of patient responses to outcome questionnaires at follow-up. It was not possible to report potential differences in the improvement of exercise capacity between CR and UC because we did not assess exercise capacity at baseline. The single-center nature of this study means that caution must be used in generalizing our findings to other Bangladeshi or LMIC settings beyond the population at ICH-RI, as this was a single-site study. Furthermore, data on prescribed medications, participation in exercise during the study period, and smoking cessation rates after surgery were not collected but may have influenced the results. A high participation rate (96%) was achieved. However, the number of patients lost to follow-up during the study was greater in the control group compared with the CR group (43% vs 14%). This may be because the CR group received monthly phone calls that included reminding them about their follow-up appointments. Risk of dropout did not appear to be related to patient demographics, health behavior, clinical, or mental health status.
This study is one of just a very few controlled trials of CR that has been undertaken to date in LMICs. 13, 14 The results are in concordance with 2 previous studies showing improvements in exercise capacity and HRQOL with home-based CR and cardiac patients. 13, 27 The findings of the study are in agreement with the large evidence base for CR in high-income countries 9, 10 ; however, the study did not provide a comprehensive CR program (defined as including elements of exercise, psychological, and education-based interventions 28 ) as tested in many of the high-income studies. Therefore, a direct comparison of results cannot be made. Recent recommendations on how to deliver CR in low-resource settings promote the need to expand CR to LMICs and that home or community-based projects led by allied health professionals may be most feasible. 29 Our study supports these recommendations, but larger randomized controlled trials on the effectiveness of CR in LMICs are needed before widespread implementation can take place. These trials should include economic evaluations, investigate the practical implementation of CR in low-resource settings, and test comprehensive CR programs.
CONCLUSION
In the context of a single-center LMIC setting, this study demonstrated the feasibility of home-based CR programs and offers a model of service delivery that could be replicated on a larger scale. Multicenter randomized controlled studies are needed to assess whether these results can be replicated on a larger scale and provide a cost-effective use of resources in these low-resource settings.
